ABSTRACT. The cyclin-dependent kinase inhibitor 1A (also known as p21) is thought to be involved in tumor development by mediating cell cycle arrest through the inhibition of cyclin/CDK activity. To explore the relationship of Ser31Arg polymorphism in the p21 gene with the risk of developing lung cancer, we performed an overall and stratified meta-analysis based on ethnicity, lung cancer subtypes and source of controls, with six eligible studies (2366 cases and 3320 controls). No significant variation in lung cancer risk was detected in any of the genetic models in the overall, and the ethnicity-based and cancer subtype-based subgroup analyses. However, in the subgroup analysis based on source of controls, significant opposite associations were observed; a significantly increased lung cancer risk was observed in the hospital-based control subgroup, while a significantly decreased lung cancer risk was detected in the mixed-source control and unknown-source control subgroups. In summary, based on our meta-analysis, p21 Ser31Arg polymorphism does not appear to act as an independent lung cancer risk factor and is more likely to act together with other genetic and non-genetic factors in the development of lung cancer; this needs further investigation.
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INTRODUCTION
Lung cancer is a common cancer all over the world with high mortality rate, and current knowledge of the molecular basis of lung cancer susceptibility is limited (Kiyohara et al., 2002; Mitsudomi, 2010) . The cyclin-dependent kinase inhibitor 1A (p21) gene is a well-studied gene encoding a protein that inhibits the activity of the cyclin/CDK family members and promotes cell cycle arrest under multiple stimulations (Xiong et al., 1993; Harada and Ogden, 2000; Abbas and Dutta, 2009) . A single nucleotide polymorphism has been reported at codon 31 of the p21 gene (Ser31Arg, rs1801270) with an AGC (Ser) to AGA (Arg) change (Chedid et al., 1994) . To date, several case-control studies have investigated the association between p21 Ser31Arg polymorphism and lung cancer risk. However, with relatively small sample sizes, these former studies provided limited information and could not draw a convincing conclusion. Hence, we performed a meta-analysis based on 6 eligible studies (2366 cases and 3320 controls in total), with the intention of obtaining a more reliable lung cancer risk assessment in association with p21 Ser31Arg polymorphism.
MATERIAL AND METHODS
The workflow of this study is illustrated in Figure 1 .
Literature exploration, selection and data collection
In this study, we searched for papers published before August 9, 2010 in four widely used databases (PubMed, Web of Science, EBSCO, and CNKI), with key words "p21"/"CDKN1A"/"Cip1"/"WAF1", "polymorphism" and "lung". The papers obtained were further screened for the meta-analysis based on the following selection criteria: i) full-text English-written study, ii) study providing complete case and control data about the relationship between p21 Ser31Arg polymorphism and lung cancer risk, iii) studies using overlapped sample of cases and controls. The selected papers were compared, and the most complete studies from them were included in our meta-analysis.
In this study, two investigators independently collected data from each eligible paper to reduce bias in data collection. The data consisted of the first author, year published, country of origin, ethnicity, source of controls, lung cancer subtypes, and numbers of cases and controls with the Ser/Ser, Ser/Arg, and Arg/Arg genotypes. Through checking and consultation between the two investigators, a final data collection was determined.
Meta-analysis methods
According to the data collected from each paper included, we performed both an overall meta-analysis and a subgroup meta-analysis based on ethnicity, lung cancer subtypes, and source of controls, to evaluate the relationship between p21 Ser31Arg polymorphism and lung cancer risk. In the overall as well as the subgroup meta-analysis, pooled odds ratios (ORs) and 95% confidence intervals (CIs) for Ser/Ser versus Arg/Arg, Ser/Arg versus Arg/Arg, Ser/Ser + Ser/Arg versus Arg/Arg, and Ser/Ser versus Ser/Arg + Arg/Arg were all calculated by the fixed-effects model or random-effects model. The model was chosen based on the heterogeneity test, and therefore, we used the χ 2 -based Q-test in this study (Lau et al., 1997) . When the Q-test reported a P value of more than 0.10, the fixed-effects model was used to calculate the pooled ORs (Mantel and Haenszel, 1959) ; the random-effects model was used otherwise (DerSimonian and Laird, 1986) .
Publication bias was also tested using the Begg funnel plot and the Egger test (Egger et al., 1997) . If the funnel plot was asymmetric and if the Egger test reported a P value of less than 0.05, publication bias was assumed to exist.
In this study, we used the Stata software version 10.0 (Stata Corporation, College Station, TX, USA) to carry out the meta-analysis. 
RESULTS

Studies and data included in this meta-analysis
After searching, 63 candidate studies were collected and 6 eligible studies were eventually determined for meta-analysis (Sjalander et al., 1996; Shih et al., 2000; Hsia et al., 2003; Su et al., 2003; Popanda et al., 2007; Choi et al., 2008) . The six studies included, providing 2366 cases and 3320 controls, varied with respect to ethnicity (3 studies in Asians and 3 studies in Caucasians), and source of controls (4 studies having hospitalbased controls, 1 having mixed sources, and 1 having unknown source). Of the 6 eligible studies, 5 used cases with mixed lung cancer subtypes. The control groups of the 6 eligible studies were all in Hardy-Weinberg equilibrium (HWE) (P > 0.05). The information from these 6 studies and the numbers of cases and controls with Ser/Ser, Ser/Arg, and Arg/Arg genotypes reported in each study are all presented in Table 1 .
Overall and subgroup meta-analysis results
In this study, we performed both an overall meta-analysis and subgroup metaanalysis based on ethnicity, lung cancer subtypes, and source of controls, and the detailed results of our meta-analysis are shown in Table 2A Table  2A and Figure 2) .
Similarly, in the ethnicity-based subgroup meta-analysis, no obvious association for all genetic models was found either in Asians (OR = Table 2A and Figure 2) .
In addition, a significant association between p21 Ser31Arg polymorphism and lung cancer risk was not observed in the subgroup meta-analysis based on lung cancer subtypes for all genetic models either in squamous cell carcinoma (OR = 1.08, 95%CI = 0.50-2.32 for Ser/Ser versus Arg/Arg; OR = 1.20, 95%CI = 0.60-2.39 for Ser/Arg versus Arg/Arg; OR = 1.17, 95%CI = 0.61-2.25 for Ser/Ser + Ser/Arg versus Arg/Arg, and OR = 1.10, 95%CI = 0.75-1.61 for Ser/Ser versus Ser/Arg + Arg/Arg; see Table 2B ) or in adenocarcinoma (OR = 1.25, 95%CI = 0.59-2.64 for Ser/Ser versus Arg/Arg; OR = 1.65, 95%CI = 0.85-3.22 for Ser/Arg versus Arg/Arg; OR = 1.49, 95%CI = 0.79-2.84 for Ser/Ser + Ser/ Arg versus Arg/Arg, and OR = 0.81, 95%CI = 0.57-1.14 for Ser/Ser versus Ser/Arg + Arg/ Arg; see Table 2B ). Table 1 . Studies and data included in this meta-analysis.
a P values of Hardy-Weinberg equilibrium (HWE) for each control group. Table 2 . Detailed results of meta-analysis. However, the results of the subgroup analysis based on source of controls were complicated (Table 2B) . In this subgroup analysis, a significantly increased lung cancer risk for Ser/Ser versus Ser/Arg + Arg/Arg existed when only hospital-collected controls were used (OR = 1.17, 95%CI = 1.01-1.36; see Table 2B ); while obviously decreased lung cancer risks were found in the mixed-source control subgroup for Ser/Ser versus Ser/Arg + Arg/Arg (OR = 0.54, 95%CI = 0.32-0.91; see Table 2B ), and in the unknown-source control subgroup for Ser/Arg versus Arg/Arg (OR = 0.44, 95%CI = 0.21-0.94; see Table 2B ) and Ser/Ser + Ser/Arg versus Arg/Arg (OR = 0.49, 95%CI = 0.25-0.98; see Table 2B ). HWE tests were performed in this study for control groups of all 6 eligible studies, and every control group was in HWE. Hence, we suspect that the opposite results in the subgroup meta-analysis, based on the source of controls, might have been due to the limited sample size or different population structure. It is still likely that the p21 Ser31Arg polymorphism has no association with lung cancer susceptibility as an independent risk factor.
A.
Meta-analysis model
Publication bias test results
The results of the Begg funnel plot (plots not shown) and the Egger test showed no publication bias for Ser/Ser versus Arg/Arg (P = 0.530), Ser/Arg versus Arg/Arg (P = 0.925), Ser/Ser + Ser/Arg versus Arg/Arg (P = 0.926), and Ser/Ser versus Ser/Arg + Arg/Arg (P = 0.122) in the overall meta-analysis. 
DISCUSSION
In this study, the results of our overall meta-analysis did not show any significant association between p21 Ser31Arg polymorphism and lung cancer risk. Our subgroup metaanalyses based on ethnicity and lung cancer subtypes both indicated that the p21 Ser31Arg polymorphism did not act as a lung cancer risk factor directly. These results are in accordance with Chedid et al. (1994) who reported that there was no association between p21 Ser31Arg polymorphism and loss of tumor suppressor activity demonstrated by transfection studies. Therefore, it is probably biologically reasonable to speculate that the p21 Ser31Arg polymorphism has no independent association with lung cancer susceptibility.
Moreover, our subgroup meta-analysis based on source of controls revealed a more complicated result: a significantly increased lung cancer risk was observed in the hospitalbased control subgroup; on the contrary, significantly decreased lung cancer risks were detected in both the mixed-source control and the unknown-source control subgroups. The fact that p21 Ser31Arg polymorphism plays opposite roles in subgroups with different sources of controls suggests the potential influence of the control sources on the outcomes. The results, however, should be considered prudently since a few limitations may skew the outcomes. Due to insufficient sample sizes of the studies included (for example, only one eligible study belonged to the mixed-source control subgroup and only one to the unknown-source control subgroup), further investigation with larger sample size is necessary. Besides, more detailed individual data such as age, gender, and lifestyle (for example, smoking status) may also need to be assessed, and the confounding influence of p53 status and other p21 polymorphisms should also be considered.
In conclusion, the previously reported controversial conclusions on the correlation of p21 Ser31Arg polymorphism with lung cancer susceptibility may arise from statistical bias, such as limited sample size or some methodological errors. As suggested by our meta-analysis with a total of 6 eligible studies (2366 cases and 3320 controls in all), p21 Ser31Arg polymorphism does not appear to act as an independent risk factor of developing lung cancer, and further studies are needed to determine its contribution to the genesis of lung cancer interacting with other determinants.
